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ABSTRACT 
 
Biddle, Keith, M.A., Spring 2019, Forensic Anthropology 
 
 
Sexual Dimorphism of Skeletal Trauma Associated with Intimate Partner Violence (IPV) 
 
Committee Chairperson:  Randall Skelton, PhD. 
 
Committee Members: Kirsten Green Mink, PhD. and Kimber McKay, PhD. 
 
 
Once known as “Domestic Violence”, Intimate Partner Violence, or IPV, is a problem as 
old as humanity. Even in our modern era, it continues to plague even the most 
“enlightened” or “advanced” cultures and societies. Much has been written about the 
issue from Sociological and psychological aspects and while there is some consensus in 
the medical field regarding the patterns of injury associated with IPV, that consensus has 
yet to reach the field of forensic anthropology. It is to this end that this study has been 
conceived.  
The proposed project has three parts. The first part is a validation study of the 
traditionally accepted skeletal markers associated with the trauma inflicted in instances of 
Intimate Partner Violence (IPV) focusing on the 2016 McNulty study. The analysis will 
include differences in patterns of skeletal trauma exhibited between a) males and females, 
b) ancestral groups and c) instances of IPV, assault by an unknown assailant, and 
accidental injury. The second aspect of the study is an analysis of what the skeletal data 
means to forensic investigators such as Anthropologists, Pathologists, Medicolegal Death 
Investigators, and law enforcement officers. Some discussion is included of hospital 
protocols and procedures when a patient presents at an emergency department with these 
trauma patterns. The third aspect of the proposed study is a call for standards in the 
construction of databases intended to be used as “legacy data” for future researchers as 
well as more consistent and fluent discussion between medicine and Anthropology 
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INTRODUCTION 
 
Born as a descriptive endeavor aimed solely at identifying unknown individuals by their 
biological profiles, forensic anthropology has blossomed in recent decades into a science 
aimed at providing accurate and meaningful insight into certain aspects of the lives of 
those who can no longer speak for themselves. Skeletal trauma patterns are being used, 
not only to help aid in identification, but ostensibly to assist law enforcement officers in 
their pursuit of the criminally culpable. Intimate Partner Violence (IPV) is a problem 
pandemic in humanity. Therefore, a deep understanding of skeletal trauma and the ability 
to distinguish those patterns from taphonomic damage and general human variation, gives 
our science a clearer voice in a conversation involving medical science, law enforcement, 
social work, and even psychology. Throughout the history of the discipline, forensic 
anthropologists have been routinely asked by pathologists, coroners, medical examiners, 
and law- enforcement officials to aid in the identification of unknown decedents. 
Nowadays, forensic anthropologists are also frequently employed for our ability to 
determine and to comment on skeletal trauma and pathology and some of the most widely 
known experts in these areas are not medical doctors, but forensic anthropologists. There 
are some trauma patterns with which we, as anthropologists, are more familiar; such as 
the distinctive patterns left by knives, saws, blunt instruments, and the like. Oddities of 
human morphological variation or cultural body alteration often require the knowledge 
that forensic anthropologists may bring to bear. Other factors- high caseloads, court 
appearances, and administrative duties, for example- often prevent forensic pathologists 
or coroners from handling cases of even partially, much less fully-, skeletonized human 
remains. Pathologists today are specialists in soft tissue trauma, diseases, and other lethal 
events which do not affect the skeletal system and as such, they are not as thoroughly 
versed in human skeletal morphology as are forensic anthropologists. In more rural 
jurisdictions, many coroners are not medical doctors at all, but specially trained law 
enforcement officers. These professionals often utilize the specific skills of forensic 
anthropologists when human remains are located outside of a known crime scene.  
This study investigates the specific skeletal injuries and injury patterns involved with 
IPV, as well as their locations. That data is then correlated with known or discovered 
demographic information. While soft tissue injury, contusions, abrasions, etc., are the 
most common forms of injury seen in hospital emergency departments (EDs) in living 
patients (Crandall et al., 2004; Allen et al., 2007; Sheridan and Nash, 2007; Apel et al., 
2013; de Macedo Bernardino et al., 2018), these are not instructive for forensic 
anthropologists dealing with deceased individuals exhibiting extreme decomposition or 
fully skeletonized remains. Sex, age at death (if available), and ancestry were all taken 
into account to explore if, and to what extent, these factors play a role. Whereas in the 
2016 McNulty study, injury speed and type were taken into account, the traumatic 
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injuries assessed in this study were exclusively those that occur from slow- loading, blunt 
force trauma, and were, most likely, non- fatal (although timing of the injuries could not 
be determined from the datasets employed and may have been peri- mortem).  
 
Differentiation between accidental injury and that which is caused by deliberate attack, is 
critically important. As is the difference between trauma inflicted by a random attack and 
that caused by a known assailant. The skeletal trauma types in this study are caused by 
slow- loading, blunt force trauma, and focus primarily on injuries to the head, neck, and 
face (HNF); specifically fractures to the nasal bones, zygomatics, maxilla, and mandible. 
A broken nose may be the result of an accidental collision with an object, for example as 
the result of airbag deployment in a motor vehicle accident (MVA), but a 
zygomaticomaxillary complex fracture, or ZMC or “Tripod fracture” predominantly 
occurs from a deliberate blow to the face (Sheridan and Nash, 2007; Bogusiak and 
Arkuszewski, 2010).  Typically, most injuries to the appendicular and axial skeleton are 
the results of accidental trauma, and so are not covered in this study. However, Colles’ 
fractures to the radius have been thought to be an indicator of IPV or domestic violence 
and so are included in this study in an attempt to confirm or refute the accuracy of this 
assessment  
 
Signs of IPV may also prove to be exceedingly helpful; not just for forensic 
anthropologists in an academic setting, but for law enforcement officers and 
administrators or investigators responsible for uploading and maintaining files in missing 
persons databases such as the National Missing and Unidentified Persons Database 
(NaMUS). If an unknown decedent exhibits signs of a healed zygomaticomaxillary 
complex fracture, for instance, investigators may inquire at hospitals, clinics, and even 
shelters or other outreach centers. And this evidence may also prove exceedingly useful 
in a trial setting, if necessary. Additionally, living patients seen at hospital EDs are often 
loathe to disclose the actual cause of the trauma experienced. Fear of retribution for 
disclosing the abuse to medical staff is common. Excuses, such as a fall, are common 
cover- ups for these trauma types (Crandall et al., 2004). However, knowledge of injury 
patterns unique to assault, can lead medical personnel to a true understanding of what 
occurred and thus permit reporting of the incident to law enforcement and outreach 
programs without repercussion to the patient. Forty- four percent (44%) of murdered 
women had visited an ED within two years prior to their deaths and over 90% had 
reported to an ED at least once in their lifetimes for assault- related injuries (Muelleman 
et al., 1996; Crandall et al., 2004).  
Not only then is the determination of the specific trauma or trauma patterns important, it 
is just as important that the information is properly disseminated. The use of so- called 
“Legacy Data” is becoming more and more prevalent in the United States as the actual 
skeletal remains under investigation are being repatriated, sent for burial, or sequestered 
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in university and museum vaults. The data obtained are then entered into databases by 
students or other personnel who a) may not be able to recognize a Tripod fracture, b) use 
an arbitrary shorthand in the description of the fracture pattern or c) both. Future use of 
this type of data is then compromised and the information that may be obtained is lost. 
Standards need to be put in place to ensure that this “Legacy Data” is accurate, concise, 
and as uniform as possible. The incompleteness of the data and the illegibility of the 
descriptions of fractures in the database used for this study added a considerable hurdle 
that could easily have been avoided.  
It is the hypothesis of this study that 1) it is possible to differentiate between causes of 
facial skeletal trauma and 2) those patterns are useful to forensic anthropologists in 
identification of unknown human remains and to law enforcement in cases of both living 
and deceased victims. 
 
LITERATURE REVIEW 
Intentional Injuries and Injury Patterns 
The extant literature identifies 7 skeletal injuries or patterns of injury that are most 
commonly found in victims of IPV or other incidents of interpersonal violence (Owen et 
al., 1982; Berryman and Haun, 1996; Muelleman et al., 1996; Brink et al., 1998; 
Perciaccante et al., 1999; Sojat et al., 2001a; Alvi et al., 2003; Bhandari et al., 2006; 
Brickley and Smith, 2006; Allen et al., 2007; Sheridan and Nash, 2007; Arosarena et al., 
2009; Wu et al., 2010; Rubiev, 2012; Apel et al., 2013; Susarla and Peacock, 2014; Wong 
et al., 2014; de Macedo Bernardino et al., 2018). As stated above, HNF injuries are the 
most common and this study focuses on those as being more truly diagnostic of IPV than 
injuries to the appendicular skeleton. The one exception being Colles’ fractures, which 
involve the distal ends of the radius and ulna and was once thought to be indicative of a 
person having been shoved to the ground. This injury is included in the study because, 
while the McNulty study included Colles’ fractures as potential indications of IPV, other 
literature (Owen et al., 1982) actually indicates that these injuries are more likely to be 
cause by accident than by violence.  
In incidents of intentional violence, the face and the head are the most often targeted 
areas (Muelleman et al., 1996; Brink et al., 1998; Perciaccante et al., 1999; Ogundare et 
al., 2003; Brickley and Smith, 2006; Allen et al., 2007; Sheridan and Nash, 2007; 
Arosarena et al., 2009). Within that area, the specific bones most often fractured in IPV 
and other intentional violence are the nasal bones, the maxilla, the zygomatics, the 
mandible, and the cranial vault. Often, the zygomatics are involved concomitantly with 
the maxilla and the frontal bone and simultaneous injury to all 3 result in a 
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zygomaticomaxillary complex (ZMC) fracture. The nasals are also frequently involved 
with injuries to the zygomatics due to their close proximity and the size of the surface 
area of the offending agent; usually a fist. For this research the following trauma types 
below were used to discern patterns between sexes and ancestries.  
Colles’ Fractures 
Colles’ fractures are those that occur to the distal end of the radius where the epiphysis is 
actually pushed back, overlapping the end of the diaphysis (Figure 1). Comminution and 
displacement occur when the epiphysis is  broken off completely (Owen et al., 1982). 
These fractures typically occur most often when bracing oneself during a fall. The article 
by Owen, et al, follows a 30- year study of Colles’ fractures in Rochester, Minnesota, a 
community susceptible to icy conditions during winter months. 
 
 
Figure 1- Colles' Fracture 
 
Zygomaticomaxillary Complex (ZMC or Tripod) Fractures 
These injuries occur inferior to the orbit and involve the zygomatics and the maxilla, and 
occasionally, the nasals. Displacement is common and requires surgical procedures to 
correct. According to a 2010 study in Poland by Bogusiak and Arkuszewski, 64.5% of 
these injuries are caused by assault, while the next most common cause was MVA at 
13.9%. The vast majority of these injuries occur on the left side of the victims’ faces. 
Fractures to the nasal bones (Figure 2), maxilla, and mandible often accompany these 
injuries and the pattern is frequently an indicator of whether or not the assailant was 
known to the victim. 
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Figure 2- Zygomaticomaxillary Complex Fracture (ZMC or Tripod fracture) with displacement. Note the fractured nasal 
bone. 
 
Nasal Fractures 
In a 2009 study by Alvi, et al., assault was the leading cause of nasal fractures at 41% 
(N=151) followed by MVA at 26.5%. Another study in 2008 by Erdmann, et al., found 
that 36% of all facial trauma (N=437) was due to assault, followed by MVA at 32%. Falls 
and sports injuries ranked 18% and 11% respectively.  
 
 
Figure 3- Healed nasal fracture. 
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Cranial Vault Fracture 
In all the literature, injuries to the cranial vault have been documented as occurring from 
a wide range of causes (Yoganandan et al., 1995; Berryman and Haun, 1996; Motherway 
et al., 2009; Kroman et al., 2011). Certainly, interpersonal violence can lead to these 
injuries, especially in the frontal bone around or involving the orbits; and especially if the 
remains are thought to have been involved in armed conflict of some kind. Because of 
this array of potential causes, they are not considered truly diagnostic of IPV in this 
study. These injuries, however, are included in the statistical analyses and must be 
mentioned because of their potential for differentiation between patterns of violence 
experienced by males versus that experienced females. They are also used as an 
illustration of how poor recording practices in databases can cause misinformation or loss 
of pertinent information. As with other HNF injuries studied here, only those known to 
have been caused by blunt force trauma are included. 
  Mandibular Fracture 
These injuries are most commonly associated with assault by an unknown assailant 
(Muelleman et al., 1996; Brink et al., 1998; Perciaccante et al., 1999; Sojat et al., 2001a; 
Iida et al., 2003; Ogundare et al., 2003; Bhandari et al., 2006; Rubiev, 2012; Wong et al., 
2014; de Macedo Bernardino et al., 2018). The 2003 study by Ogundare, et al., a 10- year 
retrospective study, indicates that in the Washington DC area, 86% of patients treated for 
mandibular fractures were male. Of those, 79% were caused by interpersonal violence. A 
2001 study by Sojat, et al. in Toronto, Canada lists the ratio of patients presenting with 
mandibular fractures to be 5:1 males to females, with violent assaults causing over 50% 
of the fractures (Sojat et al., 2001b). It is for this reason that Mandibular fractures are 
useful in distinguishing between IPV and assaults by unknown attackers.  
 
Figure 4- Mandibular fracture locations. Injuries to the angle are the most common, followed by fractures to the body 
and the symphyseal region. 
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Maxillary Fracture 
While most often thought of in relation to Lefort fractures (midfacial fractures occurring 
in transverse, pyramidal, or horizontal configurations affecting multiple bones 
simultaneously), maxillary fractures resulting from interpersonal violence, usually occur 
in the form of alveolar trauma (figure 5). Lefort types I, II, and III require far too much 
force to occur from IPV or other manual assault. A Swedish study found that most Lefort 
fractures are caused by motor vehicle accident (MVA) (Kahnberg and Göthberg, 1987) 
and so are not dealt with in this study. Healed trauma to the alveolar ridge or the canine 
fossa region are included wherever found in from the SCC and the FDB. Data from the 
literature is included if available and separate from Lefort fractures. Some studies 
discriminate between alveolar ridge fractures and maxillary fractures, without further 
explanation (de Macedo Bernardino et al., 2018). For the purposes of this study, an 
alveolar ridge fracture is considered a maxillary fracture, if the maxillary fracture is not 
specifically labeled as a Lefort I, II, or III.  
 
 
 
In addition to the specific bone or bones involved in instances of IPV or assault by an 
unknown assailant, the majority of these injuries occur to the victims’ left sides. Most of 
the studies examined were directly focused on recognizing injury types specific to IPV 
and did not differentiate which side of the body the injuries occurred (Muelleman et al., 
1996; Crandall et al., 2004; Sheridan and Nash, 2007; Erdmann et al., 2008b; Wu et al., 
2010; McNulty, 2016a). It was only upon reading Uninsured in America (Sered and 
Fernandopulle, 2006) that a recognition of which side the injury was on might be useful. 
Injury to the left side of the face is consistent with being hit by an assailant’s right hand 
(or an object held in that hand). It indicates intent, whereas injury to the right side of 
Figure 5- Maxillary fracture to the alveolar ridge. 
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victim’s face indicates either a left- handed assailant, which is far less common and thus 
statistically less likely, or accidental injury as the victim turns their head to avoid a full- 
frontal collision with the object.  
Identifying and Reporting IPV in a Medical Setting 
A 1996 study in New Mexico indicated that the addition of an IPV- specific question on 
patient charts in a Level I trauma center increased the recognition of IPV related injuries 
(Olson et al., 1996). In a three- month period, 123 cases of IPV were recorded, 25 before 
the question was added and 49 in each of the 2 months after the addition. The study also 
indicates that patients presenting to the ED with complaint of sexual assault or rape is an 
accurate predictor of IPV. Since the trauma inflicted by sexual assault is limited to the 
soft tissue, these trauma types are not included in this study. However, it should be noted 
that in the case of an unknown decedent, skeletal evidence of IPV may lead law 
enforcement to include questions of sexual assault or rape when inquiring at hospitals.     
While Erdmann’s 2008 study was informative, it listed only 3 ancestral categories within 
a hospital population that undoubtedly sees more demographic groupings than that. The 
mechanisms listed in study are facile and some research would have indicated that “falls” 
are rarely the cause of facial injuries and all other literature indicates that “MVC” is not 
equal with assault as a cause of ZMC fractures. If the mechanism of injury information 
used in this study was collected from the hospital, then it further elucidates the issue of 
patient mis-representation of what actually occurred and furthers the argument that 
hospital ED staff need to be aware of the signs of IPV and importance of reporting such. 
The study population and the trauma types investigated lumped gunshot wounds (GSW) 
in with assault, motor vehicle collision (MVC), sports injuries, and occupational injuries. 
While ballistic trauma does cause fracturing to the bones of the skull, the pattern is 
distinct from that caused by assault and other slow- loading trauma. It is not surprising, 
then, that GSW is not the cause of nasal fractures, for example. So, while the study does 
paint a fair demographic picture, the results are somewhat obvious and facile. 
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Figure 6- From Erdmann, et al. 2008. 
The Crandall, et al. study was informative and useful for its breakdown of injury location 
and mechanism, but also for the statistical information it provided regarding morbidity 
and mortality in relation to IPV. According to the study, 44% of women murdered by a 
partner had visited a hospital within 2 years of an IPV- related injuries and fully 93% had 
been treated for IPV related injury at least once in their lifetime. Furthermore, the study, 
published some years prior to the Erdmann, et al. study stated that “The woman with 
unusual injuries who presents saying ‘I fell down’ is almost pathognomonic for abuse” 
(Crandall et al., 2004). If one were to take the number of ZMC fractures listed in the 
Erdmann, et al. study and add that number instead to the assault category (figure 6), then 
the data would be much more in line with what is represented in other studies and more 
probably accurate for how those injuries truly occurred. 
The Sheridan and Nash 2007 study was most instructive on mechanism of injury and the 
breakdown of the difference in injury patterns between males and females. The article 
states that “violence by nonintimates has been found to produce a similar number of HNF 
injuries as compared to IPV, when both genders of the victim are considered” (Sheridan 
and Nash, 2007). Meaning that when one examines the HNF injuries suffered by females, 
it is most often IPV and those occurring to males result mainly from assault by an 
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unknown assailant. The article also states that strangulation is a common form of IPV and 
although it is outside the scope of this project in living patients, this type of assault is 
widely known to cause a broken hyoid bone and can be seen in deceased individuals. It is 
an immediate indicator of foul play to investigators who then look for other signs of 
assault such as those discussed here. 
The Wu, et al. study of 2010 was somewhat useful for its confirmation that HNF injuries 
are a significant indicator of IPV (Wu et al., 2010). While the study is primarily a meta- 
analysis of the extant literature, it offered a wealth of resources and direction for this 
project.  
Demographically, the Taft, et al., Wong, et al., Malcoe, et al., Hines, et al., and Dutton 
and White studies were useful for their compassionate treatment of the overall problem of 
IPV as an issue that knows no boundaries as well as their respective insight to the on- 
going health ramifications experienced by the victims of IPV. These sources were limited 
in their utility for this study, however, by a lack of empirical evidence of the specific 
injuries that occur. Some of the studies actually muddied the issue somewhat in their lack 
of clarification on mechanism of injury.   
 
 
Figure 76- Results from the literature review 
The Olson, et al. 1996 and Rodriguez, et al. 2001 studies were enlightening on the issue 
of mandatory reporting of IPV by hospitals. The major hurdle faced with these studies 
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was the age of the information presented. More up- to- date information was not located 
and all attempts to reach living hospital staff was fruitless. 
Mandatory reporting procedures in hospital EDs has been met with divided approval. A 
2001 study of 1,218 women in two states found over half of women favor mandatory 
reporting and of those who oppose, most are younger and/ or non- native English 
speakers (Rodríguez et al., 2001). Fear of retribution, deportation, or loss of family are 
the primary reasons given for opposition to mandatory reporting. The study also indicates 
that doctors are not necessarily in favor of mandatory reporting.  However, mandatory 
reporting protocols can create data in hospital systems that may offer law enforcement 
some assistance in cases of unidentified decedents. It also may assist in the identification 
and arrest of guilty parties.   
MATERIALS  
Samples 
The samples for this research come from two sources. First, the Forensic Database (FDB) 
from the University of Tennessee was mined for all individuals that exhibited healed or 
unhealed injuries consistent with those elucidated in the literature mentioned earlier. The 
data was then separated by sex and then by ancestry for each sex and finally by age for 
each sex (Tables 4- 7 and Appendices A and B). Secondly, skeletal analysis research was 
performed at the University of Missouri- St. Louis utilizing human skeletal remains 
curated there from the 1990 excavation of the Second Catholic Cemetery in the northern 
parts of the urban region.     
Demographics 
As much demographic information was included as possible. While IPV is predominantly 
assumed to be limited to females, it was necessary to include males in this study for two 
main reasons. First, contrary to popular belief, males do experience IPV (Dutton, 2013) 
and second, including males offered a baseline of which injury patterns, types, and 
locations (if applicable) are more common in instances of assault by an unknown 
assailant.  
Ancestral categories were included for both sexes wherever possible to investigate 
whether some groups experience more or less IPV or violent assault. The traditional 
ancestral categories in forensic anthropology were used: Asian, African, European, 
Native American, and Hispanic. As the study progressed, an article was located detailing 
IPV in a Brazilian hospital ED (de Macedo Bernardino et al., 2018) and another 
involving 3 hospitals in Greece (Petridou et al., 2002). The individuals in the Brazilian 
study are included here as “Latin American”. While the Greek study does not constitute a 
 12 
distinct ancestral group, per se, it does elucidate the pandemic nature of IPV across the 
globe. No political distinctions were drawn or utilized for this study and the European 
individuals from Greece were included within the overarching European ancestral 
category (Table 11).  
Ancestral groups within the skeletal populations studied directly were recorded wherever 
possible. Collection of this data from these sources was somewhat limited since both the 
FDB from the University of Tennessee, Knoxville (UTK) and the SCC at the University 
of Missouri- St. Louis (UMSL) contained predominantly European individuals. 
Furthermore, the collection at UMSL is archaeological in nature and extremely 
fragmentary and the UTK information was not uniformly entered into the FDB. These 
issues are discussed in more detail in the Issues and Limitations section of this study.  
A 2014 article by Wong, et al detailing IPV in Chinese women was located and used for 
its contribution, although it did not detail the exact bones effected and was more focused 
on mechanism of injury rather than specific bony involvement. The study was helpful 
regarding reporting IPV and victims’ reluctance or willingness to do so. Thus, skeletal 
data regarding individuals of Asian ancestry was taken directly from the SCC or the 
FDB.  
Native American data for this study was found in a 2004 article by Malcoe, et al. The 
article, however, falls short in many areas, most notably in that it does not elucidate 
specifically which bones were affected within the HNF category. Regarding the cause of 
injury, the article also lists “beat up” as a category distinct from being “hit with a fist” yet 
there is no definition given for the term “beat up” nor any explanation of how that is 
categorically different or distinct from being “hit with a fist”. Any data in the study 
pertaining to individuals within the Native American ancestral category had to be taken 
directly from the SCC or the FDB.  
Data regarding African American females was located in multiple literary sources (Sered 
and Fernandopulle, 2006; Taft et al., 2009; Campbell et al., 2012). However, these were 
socio- cultural studies focused on prevalence, risk factors, and continuing health 
ramifications, etc. of IPV rather than specific trauma types, affected bones, causes, or 
patterns. Specific demographic data was located in the Erdmann, et al 2008 study 
regarding mechanism of trauma, but not for the specific bones effected. Therefore, all 
data for this study regarding specific bony trauma within the African ancestral category 
was sourced directly from the skeletal remains from the SCC or taken from the FDB.  
Age is a factor that is easily mined from the medical literature due to the availability of 
reliable medical records but is much harder to discern in a forensic anthropological 
framework. Due to the regenerative properties of human bone, it is difficult to narrow 
down, once the injury has healed, exactly when the injury occurred (Yoganandan et al., 
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1995; Low and Reed, 1996; Ubelaker, 1996; Bass, 2005; Wraighte and Scammell, 2006; 
Wieberg and Wescott, 2008; Kroman et al., 2011; Dirkmaat, 2014). For example, if it is 
determined that a female individual died between the ages of 50 and 65, a completely 
healed ZMC fracture could have occurred 20 to 50 years prior. Therefore, the data 
regarding the ages of the victims of IPV and assault by unknown assailant are taken from 
the literature and not included from the direct skeletal evidence sourced from the FDB or 
SCC. It is important to note that the age in the dataset is the age at death and not the age 
when the trauma occurred. 
There is another temporal component to this study. The SCC remains are from 
individuals who died in a cholera epidemic that swept the city of St. Louis, Missouri in 
the 1820’s. The cemetery was closed to new burials in 1826. The data from the FDB 
spans a period of birth years from 1890 to 1990. The literature deals with birth years from 
approximately 1965 through the modern era. Therefore the data spans, in birth year, from 
approximately 1775 to approximately 2005; a period of 230 years, representing nearly the 
entire lifespan of the United States of America as an autonomous political entity. This is 
discussed further in the Discussion and Broader Impacts sections of the study. 
SCC 
Of 90 individuals in the overall population, 46 were determined to be adult over the age 
of 16. Sub- adults were not analyzed due to difficulty in determining sex and the near 
impossibility of determining ancestry. Even in the adults used for the study, many of the 
crania were too fragmented to determine ancestry and thus were listed as 
“indeterminate”. The demographic profile that emerged was characterized as being 15 
females, 29 males and 2 individuals of indeterminate sex. There were 17 individuals of 
European ancestry, 10 individuals of African ancestry, 2 Asians, 0 Native Americans, and 
17 individuals whose ancestry was indeterminate. Notably, all of the individuals of 
African ancestry examined from this collection were male.  
 
 
Table 1- Second Catholic Cemetery population by sex and injury location 
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Table 2- Second Catholic Cemetery population by ancestry and injury location 
  
 
Table 3- SCC by sex and injury percentage 
FDB 
There were 940 Males and 559 females in the FDB with trauma data of any kind, for a 
total of 1,499 individuals. A total of 84 individuals with known sex estimations in the 
FDB exhibited trauma types linked to interpersonal violence of some sort, when the 
trauma types are limited to slow- loading, blunt force trauma of the kind seen in IPV and 
assault by an unknown assailant. If all of the traumatic injuries found in this population 
were, in fact, caused by violent encounters then only 6% of the individuals in the FDB 
experienced the kind of interpersonal violence pertinent to this study in their lifetimes. In 
84 individuals, a total of 103 distinct injuries were recorded and 61 of the 84 (73%) 
exhibited multiple injuries. 
 
 
Table 4- Forensic Database (FDB) by sex and injury location 
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Table 5- Forensic Database (FDB) by ancestry and injury location 
 
 
Table 6- Forensic Database (FDB) sex and injury percentage 
 
Table 7- Combined injury percentage by sex from all sources 
METHODS 
Statistics 
Statistical analysis was performed by: a) simple frequency of trauma type or pattern b) 
correlation of trauma type and sex and c) correlation of trauma type and ancestral group. 
Chi- square analysis using SPSS 20.0 was utilized, as was the website Social Science 
Statistics (socscistatistics.com). Chi- square analysis was selected for its ability to 
determine if the expected data fits with the actual data. It is a good indicator of whether 
or not two variables are linked.  
Basic frequency distribution statistics were used to obtain a broad understanding of 
patterns and Chi- square test using SPSS version 20.0 and socscistatistics.com to 
determine if there is a significant incidence of injury type or pattern within the 
demographic groupings of a) sex and b) ancestry. Significance was set at P < 0.05 
originally, and later set at P < 0.01 for thoroughness. These values were chosen simply as 
a matter of rigor. Further testing was performed between the FDB and the SCC to 
determine if there was any significant difference in the relative eras of the two 
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populations in light of the question: has the degree of IPV or interpersonal violence 
changed since the early 19th century? 
RESULTS 
This study yielded a multitude of results. Regarding the pattern(s) of skeletal injuries 
surrounding IPV, HNF injuries are by far the most common, and should be “red flags” 
for hospital ED workers that the patient, unless demonstrated by other easily believable 
evidence (patient was brought in by paramedics from a known MVA, for example), has 
probably been the victim of some sort of violent encounter. While injuries to the 
extremities and the torso are far less common in IPV, the patients’ stories should give 
some clue as to the etiology of the trauma. The overwhelming evidence is that ZMC, 
hyoid (not discussed here), and mandibular fractures need to be taken as highly probable 
signs of IPV. As illustrated in the literature, these injuries do not often occur as the result 
of a fall, a sports injury, or even a motor vehicle accident. They occur in violent 
encounters to both sexes and across all geographic, linguistic, ethnic, and political 
boundaries.  Therefore, acknowledgement of these injuries should immediately set off a 
chain reaction involving hospital protocols for the patients arriving there, and law 
enforcement investigators when the victim is already deceased. 
The extant literature and the data collected from the FDB and the SCC indicate that there 
may very well be significance in IPV incidents correlated with ancestral groupings and 
there is strong evidence showing correlation with sex. And at first blush, there did not 
appear to be a significant decrease in interpersonal violence through time. 
Which side of the body the injury occurs is often instructive as to whether the injury was 
sustained through assault or by accident. Data collected from the SCC found that 73% of 
the injuries occurred to the victims’ LEFT sides versus 13% that occurred to the RIGHT 
side. Seven per cent occurred bilaterally and 7% occurred on the midline. Therefore, 
while injury to the left side of the head or face is by no means 100% conclusive of IPV or 
not IPV, it is useful to bear in mind when examining skeletal trauma in an unknown 
decedent.    
SPSS Results- All Injury Types 
The results from chi- square analyses with p < 0.05 was difficult to determine. SPSS 20.0 
is designed to extrapolate from unsorted data with higher actual counts than were present 
in this data. Significance was shown between sex and trauma type in the SCC, though not 
in FDB (Appendices A & B).  
Social Science Statistics (socscistatistics.com) Results – All Injury Types 
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Chi- square statistics from the website socscistatistics.com showed somewhat different 
results. With the same parameters as used with SPSS 20.0, the results showed no 
statistical significance between trauma type and ancestry.  
When the values from all sources were combined, significance WAS found between sex 
and trauma type, though not between ancestry and trauma type.   
 
Table 8- Chi- square test of ancestry and trauma type from the SCC 
 
Table 9- Chi- square test of sex and trauma type from the FDB 
 
Table 10- Chi- square test of sex and trauma type from the SCC 
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Table 11- Chi- square test of sex and trauma type from ALL sources 
 
Single Injury vs. Multiple Injury 
With p < 0.01, socscistatistics.com found no significance in when examined for either sex 
or ancestry (Appendix C). It should be noted that this analysis format is not capable of 
running a Chi square test with a 0 value. Therefore, the ancestral category of “Hispanic” 
was not included in the analysis of the FDB. Using p < 0.05, SPSS found no significance 
in single vs multiple injuries by either sex or ancestral groups.  
 
 
CONCLUSIONS AND DISCUSSION 
This research clearly indicates that it is possible to determine the cause of cranio- and 
maxillofacial skeletal trauma without medical documentation or verbal testimony. As a 
validation of the bony trauma associated with IPV and assault by an unknown assailant, 
the data does not refute the hypothesis that certain trauma types do occur as a result of 
certain violent encounters and there is a significant difference in the etiology of HNF 
injuries between males and females. Evidence of bony trauma to the mandible, 
zygomatics, nasal bones, maxilla, and cranial vault in deceased females should be taken 
as a probable indicator of IPV and as a sign of assault by an unknown assailant in males. 
Additionally, the presence of Colles’ fractures is not a reliable indicator of IPV and 
should not be taken as such by investigators or students. While the problem of intimate 
partner violence is more common than is comfortable to discuss, knowledge of the 
trauma types, their healing patterns, and what these mean to investigators should be part 
of any Forensic Anthropology curriculum so that future generations can be better 
informed and more useful in combatting the problem. Statistical analysis shows that there 
is significance in the different trauma types between the sexes. Females are less likely to 
experience cranial vault fractures and males are less likely to exhibit ZMC fractures. The 
caveat is that biological sex is not predictive of skeletal trauma in general, nor IPV 
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related injury specifically. However, the literature, the data taken from the FDB and the 
primary source skeletal material from the SCC all agree that approximately 6 – 8% of the 
population will experience skeletal trauma from some form of slow- loading, blunt force 
trauma related to IPV or assault by an unknown assailant in their lifetimes. HNF injuries 
are the most common in these cases and the presence of these injuries offers law 
enforcement and hospital staff information that may be used to help identify an unknown 
decedent or initiate pertinent hospital protocols in living victims. 
Lack of reporting by patients and hospital staff does nothing to curb the pandemic and 
mandatory reporting procedures should be implemented. Knowledge of the trauma types 
seen in IPV can lead to a better understanding in hospital settings and thus, nurses, 
doctors, and administrators can deflect the common excuses which allow the problem to 
continue and offer support to the victims of this insidious human malady. 
While the sample population from the SCC at the University of Missouri in St. Louis was 
small, the percentage of injuries recorded is consistent with that taken from all other 
sources. Given the age of the collection versus the age of the collection utilized by the 
FDB, this indicates that there has been no noticeable decrease in the amount of 
interpersonal violence in American society or in humanity as a whole, since data was 
collected from Greece and Brazil respectively. It is the hope of this investigator that this 
study, and all the other IPV- related research, is useful in bringing the effects of IPV to 
the consciousness of society and thus, perhaps, bringing some solution to the problem.   
The construction of databases that allow for this type of research is invaluable. However, 
those responsible for the data entry need to be held to standards of legibility and utility 
when doing so. Much information can be lost if the data is not found on investigation or 
entered correctly and uniformly in an appropriate and accessible format. Platforms such 
as Microsoft Excel or Google Sheets are preferable over outdated formats that require 
special programs to open, such as .por files, for example, as was the case when 
attempting to access the FDB information. This also means that the trauma types need to 
be identified. Knowledge of skeletal trauma, pathology, and healing need to be a standard 
part of the forensic anthropological curriculum. The FDB and the dataset from the 
Second Catholic Cemetery (SCC) in St. Louis, Missouri were compared and contrasted 
for accuracy, accessibility, and legibility. The latter was found to be far easier to 
understand and utilize, due in large part to the competence of the investigator responsible 
for the creation of the database. With the firsthand experience gained from studying the 
remains curated at UMSL, it was a matter of applying the results to the dataset in a way 
that would be legible for future researchers.  
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LIMITATIONS AND ISSUES 
 The lack of legibility in the FDB was a significant hurdle in this project. The data was 
not entered uniformly and several entries lead to questions regarding the accuracy of the 
information. “Healed fracture at junction of right nasal and maxillary bones” is most 
likely a ZMC fracture; a trauma type that is distinct and diagnostic of IPV (especially 
since the individual in question was female) and could easily go unnoticed (did, in fact, 
go unacknowledged) by a less experienced investigator or student. Many of the entries in 
the FDB were similar to, or even more vague than that one and there was no sense of 
uniformity in the information. Extraneous or incorrect information such as pathological 
conditions included in the trauma section required a considerable degree of sifting and 
sorting and personal shorthand often had to be translated.  
In the SCC, taphonomic damage to the crania and the distal ends of the ulna and radius 
was a noticeable, albeit small, speed bump in this research. These bony regions are often 
fragile and damaged during decomposition and/ or excavation. This can limit the data that 
can be collected regarding the presence of trauma, sex, ancestry, and age estimation or 
any combination thereof. However, firsthand skeletal data collection can be more 
effective than the use of medical records due to the elimination of deliberate falsification 
of the mechanism of injury. Furthermore, this type of investigation, when used in 
conjunction with the extant literature provides a solid foundation of knowledge that can 
be confidently utilized.  
In many studies, there is not enough data specifically involving the bones effected, or 
even IF there were fractures to the bones of the head, neck, or face. Socio- cultural 
studies detailing the prevalence of IPV in different communities, cultures, and countries 
are absolutely valid and pertinent to the overall problem of IPV. However, this study 
shows that more data is needed regarding ancestral (or, ethnic) groups and the specific 
patterns of bony injury sustained by the individuals. The greatest limitation encountered 
was the relatively small sample size.  
 
FUTURE RESEARCH 
The results of this study may be used by professionals in several areas and settings and 
may help inform policy makers at the institutional or local political levels. Intimate 
Partner Violence is a many- pronged problem and this study aims only to add to the 
overall push to reduce or even end this insidious problem. Collaboration between the 
sociologists, cultural anthropologists, or social workers spearheading their respective 
studies with forensic anthropologists, medical personnel trained in trauma recognition, or 
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the like, would add potency and clarification to the studies. IPV is a problem that lives 
and grows in secrecy. The only way to impact the problem is to expose it and the 
perpetrators. This can be most effectively accomplished through open communication 
and education.  
In a forensic anthropology context, larger samples are needed. It would be interesting to 
study these trauma types in ancient cultures, as well, to compare and contrast the rates of 
IPV between them and current/ modern peoples. These studies may also be combined 
with psychological studies of cultural stress, alcohol and drug use, violence theory, and 
so on to help create a mural of humanity, rather than a collage. 
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APPENDIX A 
 
SPSS 20.0 Chi- Square Analysis of SCC Raw Data by sex and trauma. 
 
 
Case Processing Summary 
 
Cases 
Valid Missing Total 
N Percent N Percent N Percent 
Trauma * Sex 48 100.0% 0 0.0% 48 100.0% 
 
 
 
Trauma * Sex Crosstabulation 
 
Sex 
Total BNP F I M 
Trauma ?? Count 0 1 0 0 1 
Expected Count .0 .3 .0 .6 1.0 
??? Count 0 0 0 2 2 
Expected Count .1 .6 .1 1.2 2.0 
0 Count 0 12 0 12 24 
Expected Count 1.0 7.5 1.0 14.5 24.0 
BNP Count 2 0 0 0 2 
Expected Count .1 .6 .1 1.2 2.0 
fx Count 0 2 2 10 14 
Expected Count .6 4.4 .6 8.5 14.0 
fx (p-m) Count 0 0 0 1 1 
Expected Count .0 .3 .0 .6 1.0 
none Count 0 0 0 4 4 
Expected Count .2 1.3 .2 2.4 4.0 
Total Count 2 15 2 29 48 
Expected Count 2.0 15.0 2.0 29.0 48.0 
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Chi-Square Tests 
 Value df 
Asymptotic 
Significance (2-
sided) 
Pearson Chi-Square 63.511a 18 .000 
Likelihood Ratio 33.978 18 .013 
N of Valid Cases 48   
a. 25 cells (89.3%) have expected count less than 5. The minimum 
expected count is .04. 
 
 
Symmetric Measures 
 Value 
Approximate 
Significance 
Nominal by Nominal Phi 1.150 .000 
Cramer's V .664 .000 
N of Valid Cases 48  
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SPSS Chi- Square Analysis of SCC raw data by specific injury location vs sex
 
“VAR00001” = Nasal fractures 
 25 
 
“VAR00002” = Zygomatic fractures 
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“VAR00003” = Maxillary fractures 
 27 
 
“VAR00004” = Mandibular fractures 
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SPSS 20.0 Chi- square analysis of FDB fracture location by sex  
  
Crosstabs 
 
 
 
Case Processing Summary 
 
Cases 
Valid Missing Total 
N Percent N Percent N Percent 
FX * SEX 63 100.0% 0 0.0% 63 100.0% 
 
 
FX * SEX Crosstabulation 
 
SEX 
Total  female male 
FX 1 Count 0 7 24 31 
Expected Count .5 5.9 24.6 31.0 
1, 2 Count 0 0 5 5 
Expected Count .1 1.0 4.0 5.0 
1, 3 Count 0 0 1 1 
Expected Count .0 .2 .8 1.0 
1,3 Count 0 1 0 1 
Expected Count .0 .2 .8 1.0 
2 Count 0 1 5 6 
Expected Count .1 1.1 4.8 6.0 
2, 3 Count 0 1 0 1 
Expected Count .0 .2 .8 1.0 
2, 4 Count 0 0 1 1 
Expected Count .0 .2 .8 1.0 
2, 5 Count 0 0 1 1 
Expected Count .0 .2 .8 1.0 
3 Count 0 0 1 1 
Expected Count .0 .2 .8 1.0 
3, 2 Count 0 0 1 1 
Expected Count .0 .2 .8 1.0 
4 Count 0 2 4 6 
Expected Count .1 1.1 4.8 6.0 
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5 Count 1 0 3 4 
Expected Count .1 .8 3.2 4.0 
5, 2 Count 0 0 1 1 
Expected Count .0 .2 .8 1.0 
5, 2, 3 Count 0 0 1 1 
Expected Count .0 .2 .8 1.0 
U Count 0 0 2 2 
Expected Count .0 .4 1.6 2.0 
Total Count 1 12 50 63 
Expected Count 1.0 12.0 50.0 63.0 
 
 
Chi-Square Tests 
 Value df 
Asymptotic 
Significance (2-
sided) 
Pearson Chi-Square 28.420a 28 .442 
Likelihood Ratio 20.533 28 .844 
N of Valid Cases 63   
a. 43 cells (95.6%) have expected count less than 5. The minimum 
expected count is .02. 
 
 
Symmetric Measures 
 Value 
Approximate 
Significance 
Nominal by Nominal Phi .672 .442 
Cramer's V .475 .442 
N of Valid Cases 63  
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APPENDIX B 
 
SPSS 20.0 chi- square analysis of sex and trauma types combined from all sources. 
 
Sex * Mand + 
 
 
Crosstab 
 
Mand + 
Total 4 13 
Sex Female Count 1 0 1 
Expected Count .5 .5 1.0 
Male Count 0 1 1 
Expected Count .5 .5 1.0 
Total Count 1 1 2 
Expected Count 1.0 1.0 2.0 
 
 
Chi-Square Tests 
 Value df 
Asymptotic 
Significance (2-
sided) 
Exact Sig. (2-
sided) 
Exact Sig. (1-
sided) 
Pearson Chi-Square 2.000a 1 .157   
Continuity Correctionb .000 1 1.000   
Likelihood Ratio 2.773 1 .096   
Fisher's Exact Test    1.000 .500 
N of Valid Cases 2     
a. 4 cells (100.0%) have expected count less than 5. The minimum expected count is .50. 
b. Computed only for a 2x2 table 
 
 
Symmetric Measures 
 Value 
Approximate 
Significance 
Nominal by Nominal Phi 1.000 .157 
Cramer's V 1.000 .157 
N of Valid Cases 2  
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Sex * ZMC + 
 
Crosstab 
 
ZMC + 
Total 5 14 
Sex Female Count 1 0 1 
Expected Count .5 .5 1.0 
Male Count 0 1 1 
Expected Count .5 .5 1.0 
Total Count 1 1 2 
Expected Count 1.0 1.0 2.0 
 
 
Chi-Square Tests 
 Value df 
Asymptotic 
Significance (2-
sided) 
Exact Sig. (2-
sided) 
Exact Sig. (1-
sided) 
Pearson Chi-Square 2.000a 1 .157   
Continuity Correctionb .000 1 1.000   
Likelihood Ratio 2.773 1 .096   
Fisher's Exact Test    1.000 .500 
N of Valid Cases 2     
a. 4 cells (100.0%) have expected count less than 5. The minimum expected count is .50. 
b. Computed only for a 2x2 table 
 
 
Symmetric Measures 
 Value 
Approximate 
Significance 
Nominal by Nominal Phi 1.000 .157 
Cramer's V 1.000 .157 
N of Valid Cases 2  
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Sex * CV +  
 
Crosstab 
 
CV + 
Total 2 17 
Sex Female Count 1 0 1 
Expected Count .5 .5 1.0 
Male Count 0 1 1 
Expected Count .5 .5 1.0 
Total Count 1 1 2 
Expected Count 1.0 1.0 2.0 
 
 
Chi-Square Tests 
 Value df 
Asymptotic 
Significance (2-
sided) 
Exact Sig. (2-
sided) 
Exact Sig. (1-
sided) 
Pearson Chi-Square 2.000a 1 .157   
Continuity Correctionb .000 1 1.000   
Likelihood Ratio 2.773 1 .096   
Fisher's Exact Test    1.000 .500 
N of Valid Cases 2     
a. 4 cells (100.0%) have expected count less than 5. The minimum expected count is .50. 
b. Computed only for a 2x2 table 
 
 
Symmetric Measures 
 Value 
Approximate 
Significance 
Nominal by Nominal Phi 1.000 .157 
Cramer's V 1.000 .157 
N of Valid Cases 2  
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Sex * Max + 
 
Crosstab 
 
Max + 
Total 11 17 
Sex Female Count 0 1 1 
Expected Count .5 .5 1.0 
Male Count 1 0 1 
Expected Count .5 .5 1.0 
Total Count 1 1 2 
Expected Count 1.0 1.0 2.0 
 
 
Chi-Square Tests 
 Value df 
Asymptotic 
Significance (2-
sided) 
Exact Sig. (2-
sided) 
Exact Sig. (1-
sided) 
Pearson Chi-Square 2.000a 1 .157   
Continuity Correctionb .000 1 1.000   
Likelihood Ratio 2.773 1 .096   
Fisher's Exact Test    1.000 .500 
N of Valid Cases 2     
a. 4 cells (100.0%) have expected count less than 5. The minimum expected count is .50. 
b. Computed only for a 2x2 table 
 
 
Symmetric Measures 
 Value 
Approximate 
Significance 
Nominal by Nominal Phi -1.000 .157 
Cramer's V 1.000 .157 
N of Valid Cases 2  
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Sex * Nas + 
 
Crosstab 
 
Nas + 
Total 14 44 
Sex Female Count 1 0 1 
Expected Count .5 .5 1.0 
Male Count 0 1 1 
Expected Count .5 .5 1.0 
Total Count 1 1 2 
Expected Count 1.0 1.0 2.0 
 
 
Chi-Square Tests 
 Value df 
Asymptotic 
Significance (2-
sided) 
Exact Sig. (2-
sided) 
Exact Sig. (1-
sided) 
Pearson Chi-Square 2.000a 1 .157   
Continuity Correctionb .000 1 1.000   
Likelihood Ratio 2.773 1 .096   
Fisher's Exact Test    1.000 .500 
N of Valid Cases 2     
a. 4 cells (100.0%) have expected count less than 5. The minimum expected count is .50. 
b. Computed only for a 2x2 table 
 
 
Symmetric Measures 
 Value 
Approximate 
Significance 
Nominal by Nominal Phi 1.000 .157 
Cramer's V 1.000 .157 
N of Valid Cases 2  
 
 
Sex * Mult + 
 
Crosstab 
 
Mult + 
Total 9 23 
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Sex Female Count 1 0 1 
Expected Count .5 .5 1.0 
Male Count 0 1 1 
Expected Count .5 .5 1.0 
Total Count 1 1 2 
Expected Count 1.0 1.0 2.0 
 
 
 
 
 
 
 
Chi-Square Tests 
 Value df 
Asymptotic 
Significance (2-
sided) 
Exact Sig. (2-
sided) 
Exact Sig. (1-
sided) 
Pearson Chi-Square 2.000a 1 .157   
Continuity Correctionb .000 1 1.000   
Likelihood Ratio 2.773 1 .096   
Fisher's Exact Test    1.000 .500 
N of Valid Cases 2     
a. 4 cells (100.0%) have expected count less than 5. The minimum expected count is .50. 
b. Computed only for a 2x2 table 
 
 
Symmetric Measures 
 Value 
Approximate 
Significance 
Nominal by Nominal Phi 1.000 .157 
Cramer's V 1.000 .157 
N of Valid Cases 2  
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APPENDIX C 
 
Chi- square analyses of single vs. multiple injuries. Results from socscistatistics.com are 
shown first, followed by results from SPSS 20.0.  
 
SCC 
 
 
 
 
FDB 
 
 38 
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SPSS Chi- square analysis of SCC comparing multiple/single injury vs ancestry; p < .05 
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SPSS Chi- square analysis of the SCC comparing multiple/ single injury vs sex; p < .05 
 
 
  
 
 
 
 
 
 
 
 41 
SPSS Chi- square analysis of FDB comparing multiple/single injury vs ancestry; p < .05. 
 
 
 
 
 
 
 42 
SPSS Chi- square analysis of FDB comparing multiple/ single injury vs sex; p < .05 
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